Picea abies was shown earlier (7) to metabolize GA14 into a more polar product. We now extend this work to include the less polar GA4 and GA9. These GA were selected for study since, when applied exogenously, they can promote flowering in several Pinaceae species, among them P. abies, whereas the more polar GA3 is generally inactive (6, 19, (23) (24) (25) . GA9 is native in P. abies (22) as is GA9 glucosyl ester in Picea sitchensis (18). GA4 is native in pollen of Pinus attenuata (15). The metabolism of [3H]GA4 has been followed in two other conifers, seedlings of Pseudotsuga menziesii (31) and germinating pollen of P. attenuata (16). A possible metabolic pathway involving a series of single hydroxylations would be GA9 --GA4-> GA1 --GA8. In a cell-free system
gas chromatography-radioactivity counting; MeTMSi, methyl ester trimethylsilyl ether.
prepared from Cucurbita maxima, GA9 -+ GA4 has been reported (14) . GA4 --GA1 and GA1 --GA8 have been demonstrated in other higher plants (3, 9, 16 Application and Recovery of Radioactivity from I3HIGA4 Feeds. 1,2-[3HJGA4, 5 .54 x 1013 Bq mofl' (9) , was purified by SiO2 partition column chromatography (8) Some propagules were covered with small greenhouses made from 0.1-mm thick transparent polyethylene film, a treatment known to stimulate flowering in a reproducible and nondestructive way (1, 29) . The plastic covers raised midsummer air temperature considerably (29 (Fig. 2) . The first and major zone represents nonmetabolized GA4 (as shown by subsequent GC-RC), while each of the others contained several metabolites, as shown by GC-RC (Table I) . Seven metabolites were each >2% of the applied radioactivity, and eight metabolites were present in at least two-thirds of the extracts (Table II) . Seven additional radioactive substances occurred in detectable but low amounts and in only a few extracts.
Based on their behavior on the SiO2 partition column and on three GC-RC columns, two of the metabolites were tentatively identified as GA2 and-GA34. The former eluted from the SiO2 partition column in two separate zones, one coinciding with that of standard GA2 (fractions [12] [13] [14] Fig. 7) . Henceforth, only data from the second incubation period will be considered.
More radioactivity was recovered from propagules covered with plastic than from uncovered propagules (57% after 2 d and 48% after 7 d, as compared to 46 and 33%). The former had more dpm in the acidic ethyl acetate fraction and less in the three other main fractions (Fig. 1) . The general pattern of decrease with time in the ethyl acetate fraction and increase in other fractions applied to both groups of propagules, but changes were less pronounced in propagules under plastic. (7) . Some 61% of the applied GA was metabolized (or translocated) after 48 h, and 820% after 7 d (Fig. 3 ). There was a tendency for propagules under plastic to metabolize [3 (Fig. 3) . In addition to this tendency, there also may have been differences between the two groups of propagules for at least two metabolites, Metabolite VI tabolites. If GA4 is considered to be only 10% as active as GA3 (2) , the exogenous biological activity can be subtracted. This procedure revealed significant residual GA-like activity in the zone where GA4 elutes from the sio2 partition column (Fig. 6) . The spectrum of endogenous GA-like substances (Fig. 6 ) thus showed two of the four zones of activity previously noted (4) . A third, more polar zone appeared on late sampling dates (Fig. 7) . Similar to what had been found previously (4), a rapid increase and subsequent decrease in GA-like activity of the moderately polar region (fractions [15] [16] [17] in activity of this region coincided with an increase in highly polar GA-lilce compounds (Fig. 7) . The major peak of biological activity (fractions [15] [16] [17] was not coffelated with any of the major radioactive peaks (Fig. 7) .
DISCUSSION
Like the earlier studied conifer species P. attenuata (16) and P. menziesii (31) , P. abies metabolized [3 1fGA4 into GA2 and GAu4, the latter compound being the major metabolite in all three species. Thus, fl-hydroxylation at C-2, an apparent deactivation mechanism (26) also occurring in dwarf rice fed GA4 (9) and in several angiosperm species fed GA, (20, 26) , may be of general sigifcace within the Pinaceae. Inasmuch as part of the label on C-2 will be lost in this process, the amounts of GA34 shown in Table II are underestimates. In P. attenuata (16) , dwarf rice (9), bean (32) , and the fungus Gibberella (27) , GA, is also formed from GA4, but this conversion did not occur in either Norway spruce or Douglas fir (31) . That GA2 eluted from the SiO2 column as two separate peaks may suggest its artifactual formation in part on the column, since under acidic conditions GA2 can be formed in vitro from GA4. There is, however, no coffelation between the amounts of GA. and GA2 presnt in the saLme extract, and GAo added to mehnlcspruce homogenates was not converted to GA2. In fact, the amounts of GA2 increased with time of incubation, supporting evidence that the conversion ocurred within the plant. A late rnigconjugate of GA2 could be hydrolyzed upon derivatization prior to GC-RC, which would explain the second peak (10) . Many metabolites of GA4 remain unidentified, and a discouraging finding is that only one of these (compound X, Table  I ) could be identical with any of the six unknown compounds formed from GA4 in Douglas fir (31) . Thus, there may be great diversity between Pinaceae species with regard to the metabolism GA1 fed to seedlings of this species (7) . For GA9, this is perhaps surprising, since GA9 glucosyl ester occurs in large amounts in needles of P. sitchensis (18) .
It is difficult to compare directly the metabolism of [3H]GA and the turnover of endogenous GA-like substances, since endogenous compounds with low biological activity, e.g. GA34 will not be accurately quantitated. Concentration-dependent differences in GA metabolism have been noted (3) . Although amounts applied in this study are too low to affect flowering or shoot growth, exogenous GA even in low amounts may represent an excess of growth-stimulating activity that is metabolized into inactive com- pounds. Even so, [3H]GA metabolism may at least indirectly reflect the natural systems of control of endogenous GA levels. The rates of metabolism of GA4 and GA9 applied on different occasions showed a considerable correlation with simultaneous changes in levels of endogenous, moderately polar GA-like substances, and with the cessation of shoot elongation.
A gibberellin A4/7 mixture, particularly when combined with GA9, stimulates flowering in Pinaceae species (23-25) including P. abies (6, 19) . Flowering can also be induced by covering spruce propagules with plastic film (1, 29) . Such covering retards the metabolism of [3H]GA4 and may also modify the levels of certain metabolites. Spruce propagules covered with plastic also contain increased amounts of less polar endogenous GA-like substances (A. Dunberg, unpublished), as do Douglas fir seedlings or propagules induced to flower by water stress or nitrate fertilization (R. P. Pharis and L. F. Ebell, cited in 24). These cultural treatments may thus promote flowering through a build-up of less polar GA by interfering with their conversion to more polar GA. If such relatively polar GA, similar to GA1 and GA3, are the compounds active in shoot elongation, one can speculate that cultural treatments (or environmental conditions) may impede vegetative growth without interfering appreciably with early steps in GA biosynthesis, thus leading instead to increased flowering. Such a negative correlation between vegetative growth and flower bud differentiation, processes that in Norway spruce occur simultaneously (5), is in fact a common phenomenon.
